Medication nonadherence in inflammatory bowel disease (IBD) may lead to suboptimal control of the disease, decreased quality of life, and poor outcomes. This pilot study evaluated the feasibility, intervention mechanism, and potential effectiveness of a three-month continuous self-improvement (CSI) intervention to enhance medication adherence (MA) in adult nonadherent IBD patients. Adult IBD patients taking a daily or twice-daily dosed maintenance medication were screened electronically for two months to determine baseline MA levels. Nonadherent IBD participants were randomized to the CSI or the attention control (AC) intervention and monitored for three months. The CSI intervention consisted of a data evaluation and system refinement process in which system changes were identified and implemented. The AC group was given educational information regarding IBD disease process, extra-intestinal manifestations of IBD, and medical therapy. Demographic statistics, change scores for within and betweengroup differences, and effect size estimates were calculated. Nine nonadherent participants (medication adherence score <0.85) were eligible for randomization. The intervention was found feasible and acceptable. Although no statistically significant improvement in MA was found (P=0.14), adherence improved in 3 of 4 of the CSI group and 1 of 2 in the attention control group. The effect size calculation of 1.9 will determine the sample size for future study. The results of this pilot study showed the intervention was feasible and had a positive effect on MA change score and adherence levels. A larger fully powered study is needed to test of the effectiveness of this innovative intervention.
Introduction
Adherence is defined as the extent to which a person's behavior -taking medication, following a diet, and/or executing lifestyle changes, corresponds with agreed recommendations from a health care provider. 1 Medication adherence in chronic diseases averages 50% in developed countries. 1 Poor adherence in chronic disease results in increased health care costs and poor outcomes. 1 Medication adherence interventions have had inconsistent results across chronic illnesses, and no patient-level intervention has consistently enhanced adherence. [2] [3] [4] [5] Inflammatory bowel disease (IBD), which includes Crohn's disease (CD), ulcerative colitis (UC), and indeterminate colitis, is characterized by periods of relapse and remission. In the United States, IBD is a chronic disease affecting approximately 1.4 million people, with Crohn's disease affecting approximately 26.0-198.5 individuals per 100,000 and UC affecting approximately 11 per 100,000. 6, 7 The medication regimen for IBD is complex and lifelong which increases medication nonadherence rates. 8 Current medication nonadherence rates in IBD range from 7 to 72%. 9 IBD medication nonadherence can lead to suboptimal control of the disease, decreased quality of life, and increased morbidity. 10 Continuous self-improvement (CSI), an innovative intervention for affecting health behavior change, is based on systems theory. A recent systematic review of CSI intervention literature found that it helped change health behaviors, specifically life-style management (exercise and weight loss) and chronic diseases (asthma and kidney transplantation). 11 . CSI is a unique, systems-focused intervention that seeks to change behavior that focuses on patients' personal systems rather than on their motivation or intention. 12, 13 This study's purpose is to evaluate the feasibility, intervention mechanism, and potential effectiveness of the CSI intervention in adult nonadherent participants in a mid-western IBD clinic.
Materials and Methods
A pilot randomized controlled trial tested the feasibility, intervention mechanism, and possible effectiveness of a three month CSI intervention to improve medication adherence in adult nonadherent IBD patients. Participants were recruited from a mid-western outpatient IBD clinic by the primary investigator (PI) and/or the research assistant (RA). Initial inclusion criteria were: age 18 years or older; diagnosis of ulcerative colitis or Crohn's disease (diagnosed based on clinical/histology evidence); currently on IBD maintenance medication therapy (immunosuppressant or 5-aminosalicylic acid); ability to speak, hear, and understand English; able to open Medication Event Monitoring System (MEMS) caps; and Mini-Mental Status Examination (MMSE) score greater than or equal to 24. Of the 41 adult IBD patients who were approached to enter the study, 38 participants consented and enrolled, and three refused to participate due to time or schedule conflicts ( Figure 1 ).
The independent variable was the CSI intervention. Personal system thinking is conceptually defined as the process of understanding how people and circumstances are linked. 14 This approach attempts to improve patients' systems by creating and maintaining a behavior, such as taking medication. 12, 13, 15 Through the data evaluation and system refinement process called Plan, Do, Check, Act (PDCA), patients' personal systems are identified and changes implemented. Further CSI theoretical detail is described elsewhere (Figure 2 ). 11 The CSI process fosters ritualistic and habitual health behaviors and requires less effort, motivation, and intention to maintain the changes. For each participant, the PI performed a one-time face-to-face CSI intervention assessing the screening MEMS data after a brief personal system theory power-point presentation in the IBD clinic. The PI and participant analyzed electronic monitoring data for patterns of nonadherence, identifying potential personal system changes. System changes suggested by participants were performed to the best of their ability throughout the three-month study.
The control group received an attention control intervention. A one-time face-to-face educational session performed by the PI included an electronic slide presentation with a handout based on information from the Crohn's and Colitis Foundation of America (www.ccfa.org). IBD education topics included IBD medical therapy actions and side effects, extra-intestinal manifestations of IBD, and surgical modalities utilized in IBD.
Dependent variables
Feasibility was determined using a 15-question, open-ended, written survey completed by the participants. The survey was used in a previous pilot study. 12 The intervention mechanism was evaluated by the Systems Thinking Survey. This survey was designed to measure change in personal systems thinking, which is a foundational concept of the CSI intervention. This survey, which was originally developed to evaluate physical exercise systems thinking, was adapted for medication taking by two experts in the field (CR and MM). This 17-question survey employed a 5-point Likert scale (1=not important, 5=very important). Scores range from 17 to 85 with higher scores indicating higher levels of systems thinking. No psychometric data are available for the survey. 12 The medication nonadherence outcome was measured by the Medication Event Monitoring System (MEMS, MEMS Track Cap, Apres Corp., Union City, CA, USA) electronic bottle cap. The MEMS cap's effectiveness and reliability are well documented. [16] [17] [18] [19] [20] The MEMS score utilizes binary data (1=yes; 0=no) for evaluating dosing of medications. However, binary data cannot evaluate the timing of medication taking. In order to assess dosing and timing, a medication adherence score was determined to be superior for capturing the dynamics of medication taking. 21 A window of time was used to determine medication adherence which then allowed calculation of a medication adherence score. The on-time window for twice daily dosing was calculated as ±25% of the prescribed medication dosing interval; the early or late window was ±50%, and the missed window was a dose not taken within ±50% of the prescribed time. This calculation approach, which captures the variability of adherence in timing and dosing, had been successfully used on twice-daily dosed medications. 21 However, this approach did not allow calculation of adherence scores for medications dosed three or four times a day, because the dosing windows overlap. Consequently, 15 consented participants who took maintenance medication three or four times a day were withdrawn from the study ( Figure 1 ). The Institutional Review Board was contacted and inclusion criteria were changed to reflect the new inclusion criteria of daily or twice-daily dosed maintenance medication therapy.
Participants received MEMS diaries to record accidental openings or purposeful opens when medications were not taken (such as removing a pill to be taken later or refilling the medication bottle). These data are used to correct the MEMS data prior to analysis which increases the internal validity of the MEMS instrument.
The study was approved by the Institutional Review Board at the University of Missouri. Informed consent was obtained from all study participants, and no study participants were harmed during the study. A two-month screening phase identified participants who were nonadherent to their maintenance therapy medications. MEMS caps were utilized on participants' physician-prescribed maintenance therapy medication; when more than one medication was eligible for monitoring, the twice daily medication was monitored. For participants with medication planners, a candy reminder was placed in the planner to remind them to take maintenance therapy from the MEMS bottle. Nonadherence was operationally defined as a medication adherence score less than 0.85 based on a sixty day screening period, a value that was empirically developed and utilized in previous studies. 16 The first 30 days of the screening period were removed to account for possible weak intervention effect of the MEMS cap. 22 At the completion of the screening phase, adherent participants (medication adherence score >0.85) were thanked for their participation by the PI, praised for their adherence, given a $10 gift card, and exited from the study. Those who were nonadherent were randomized.
The PI used sealed numbered envelopes to block randomize nonadherent participants in sequence of admission into the trial's CSI intervention or attention control group. Participants were blinded to group assignment. For the participants' convenience, after 3 months, a self-addressed stamped envelope was mailed to the participant to facilitate the return of the MEMS cap, MEMS diary, feasibility survey, and System Thinking Survey. After participants returned the MEMS cap, forms, and diary, and they were given a $10 gift card for participating in the study. Data were cleaned and SAS v9.1 (SAS Institute, Inc., Cary, NC, USA) was used by the project biostatistician to conduct all data analyses. Descriptive statistics were performed to characterize the sample. Feasibility was evaluated by frequency of responses. Personal systems thinking was evaluated by systems survey mean and standard deviations of the change scores. Medication adherence change scores (changes between the two time points) as well as 95% confidence intervals for differences within and between the two groups were computed. Change scores within a group and between two groups were compared using the paired t-test. In keeping with the intention of a pilot study, we were interested in obtaining estimates for the effect size. From the means and standard deviations, the effect size was calculated. The estimate of the mean group difference as well as estimates of the standard deviation of the group differences in MEMS scores will be useful in determining appropriate sample size for a future large-scale study and for comparison to other studies.
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Results
Participants were recruited from November 2010 to April 2011. Baseline demographic categorical data of the 19 participants is located in Table 1 . IBD continuous demographic data are noted in Table 2 . Participants' average age was 44.8 years (SD=13.0 years), with a range of 21-68 years. The age of IBD onset averaged 32.8 years (SD=12.7 years), with a range of 18-63 years. The number of medications taken by participants averaged 5.2 (SD=4.9), with a range of 1 to 16.
Of the 19 participants completing the screening period, nine (47.4%) were found to be nonadherent. Screening MEMS scores across the 19 participants averaged 0.813 (SD=0.153), with a range of 0.475 to 0.987. Three nonadherent participants (3/9) did not complete the study, as one was taken off her immunosuppressant and two were lost to follow-up despite multiple attempts by the PI to contact them via telephone and mail. Six of the nine participants were randomized, four participants to the CSI group and two to attention control. The duration of the one-time face-toface intervention ranged from 20-45 minutes in the CSI group and 39-40 minutes in the attention control group. Within the CSI group, the four habits or routines chosen by the participants to link their medication taking to included: Administration of dog's insulin twice-a-day, driving kids to school, drinking morning coffee prior to work, and drinking power shake after his morning workout. Five of the six randomized participants completed the study. One participant died of causes unrelated to IBD. Demographic differences between the CSI and attention control groups were not calculated due to the samples' low statistical power.
What is the feasibility of the continuous self-improvement intervention in nonadherent adult inflammatory bowel disease patients? What is the change in the intervention mechanism of personal systems thinking?
Of the four CSI participants, two completed pre/post the Systems Thinking Survey; one participant failed to turn in the initial survey and one participant did not turn in the final survey due to death unrelated to the study. The Systems Thinking Survey mean change in score was −0.50 (SD=6.36), which provided mixed results. One participant's pre-intervention Systems Thinking score was 48 and decreased to 44 at the end of the study, with the other participant score initially was 47 and improved to 52 at the end of the study.
What is the potential effectiveness of the continuous self-improvement intervention in nonadherent adult inflammatory bowel disease patients?
MEMS change scores for the CSI group did increase (MEMS difference mean= −0.07; SD=0.03) and the MEMS change scores for the attention control group decreased slightly (MEMS difference mean=0.01, SD=0.06). However, P-values were not calculated due to the our small sample size and large standard of error, the P-value would not be reliable.
Between the two groups, the change scores were not statistically significant (P=0.14; CI: -0.19-0.045). Based on the mean change score for the two groups and their corresponding standard deviations, effect size was found to be 1.9. The effect size will assist in estimating the sample size for future study.
Discussion
The purpose of this pilot study was to assess the feasibility, change in personal systems thinking, and potential effectiveness of a three-month CSI intervention in nonadherent adult IBD patients. Our nonadherence rate of 47.4% is consistent with the previous IBD literature nonadherence rate of 7-72%, 9 and with the chronic disease literature medication nonadherence rate of 50%. [2] [3] [4] 
Feasibility
One purpose of this pilot study was to determine the feasibility of the three-month CSI intervention in adult nonadherent IBD patients. Feasibility of the CSI intervention was found to be positive and without significant participant burden, which was also found in a similar kidney transplant sample. 12 The single dose of the intervention was adequate to show a trend towards improved adherence without inconveniencing the participants. The goal of any intervention study is to minimize the participant burden while maximizing the dose of the intervention. With a single dose of the CSI intervention in a small sample, trends were noted towards adherence. The participants were active in identifying existing habits and suggesting ways to make their medication taking better. 
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Personal systems thinking
The Systems Thinking Survey change scores were mixed. This indicates that the participants receiving the CSI intervention may or may not have shifted their thinking and consequently their behavior towards using personal systems to improve and support medication adherence. However, caution should be used when interpreting these data due to the small sample and lack of psychometric data of the instrument. A larger more diverse sample is needed before conclusions can be made as to the intervention mechanism and whether personal systems thinking improved with the CSI intervention.
Medication adherence
The change in the medication adherence score for the CSI group was not statistically significant (P=0.14) though the trends were in the anticipated direction. No statistically significant findings were noted between the CSI and attention control groups, which is similar to other IBD medication adherence intervention studies thus far. [23] [24] [25] [26] [27] Our attention control group showed a weak intervention effect of the IBD education only intervention (ES=0.17), consistent with the education alone intervention findings across chronic disease (ES=0.29-0.61). 28 Our effect size (ES=1.9) is larger than the ES calculated across chronic diseases in general (ES: 0.67-1.18). 28 Attempts were made to calculate effect sizes for the previously reviewed IBD studies; however, not enough data was published to calculate their scores. Our findings are also consistent with a recent systematic review of CSI intervention literature showing improvement in lifestyle and chronic diseases. 11 A similar study in kidney transplant patients found an equally strong effect size (ES=1.4). 12 However, our effect size was calculated to estimate sample size for future study and should be considered a crude estimate based on our small sample size.
This IBD medication adherence pilot study is the first to focus on nonadherent participants, utilize electronic monitoring of adherence, and test the innovative CSI intervention in IBD patients. Utilizing a nonadherent, or homogenous, population can increase the study's power, also avoiding the ceiling effect that can be seen in adherent participants. 29 In the five IBD studies reviewed, this is the first IBD study to utilize electronic monitoring as the adherence measure. Electronic monitoring may be a more expensive monitoring than self-report, but the information gleaned from the data is vital to the CSI intervention (Figures 3 and 4) . Electronic monitoring is considered one of the most valid and reliable measures of medication adherence. [16] [17] [18] [19] 22 The innovative CSI intervention identifies patients' daily habits that can be linked with medication-taking and help foster change in their personal systems to enhance adherence. One-time delivery of the intervention shows promise, as evidenced by these preliminary data and prior work. 12 Routine analysis was helpful to assist the participant in identifying potential habits to target for medication taking. With the MEMS feedback, the participant easily identified the change in the system for the days of nonadherence and made inferences for behavior change.
Consistent with prior CSI intervention studies, participants easily accepted the intervention. 12 The ability to deliver the intervention in the clinical setting by the PI with patient acceptance indicates that the intervention may more broadly translate into the clinical setting.
The change in personal systems thinking was mixed, but the sample size was small and the instrument lacks psychometric data. Personal system thinking is the concept CSI is designed to change; with no psychometric data to validate the instrument, the tool may not measure what it is intended to measure which threatens the internal validity of the study. Further testing of the instrument should strengthen the accuracy of the tool.
The World Health Organization (WHO) recommends that patients need to be supported and not blamed for their nonadherence. The WHO also suggests that integrating medication taking with a daily habit may improve adherence. 1 Russell, Ruppar, and Matteson (2011) recommend shifting attention to personal systems change interventions, shaping routines through the PDCA process, and selfmonitoring as a means of enhancing medication adherence behaviors. 30 A systematic review found behavioral interventions with self-monitoring and feedback were effective. 5 This pilot study contributes further evidence that behavioral system based personal level interventions have potential to shape patient's behaviors.
Limitations of the study include the small sample size, a non-equivalent control group, short dose and duration of the CSI intervention, attrition bias due to the loss of three nonadherent participants, possible testing bias as the system survey was repeated, and the survey possesses no psychometric data. In addition, generalizability of the findings is limited to those taking once and twice daily dosed medications. These limitations are fewer than the previous IBD adherence studies as these studies were not fully powered, had small sample sizes, utilized self-report instruments, lacked specific operational definitions of medication adherence, possessed short duration and dose of intervention, and lacked a theorybased intervention (in three of the five studies). Generalizability of the study findings is limited due to the small sample size and the homogenous sample. 
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Conclusions
In conclusion, this pilot study examined the feasibility, intervention mechanism, and potential effectiveness of CSI to enhance maintenance medication adherence in nonadherent adults IBD patients. Within the context of the current evidence, this study contributes to the growing medication adherence literature within IBD. In contrast to the existing IBD studies using cognitive-based interventions, this pilot study with a small nonadherent sample, used an innovative intervention based on personal systems theory using electronic monitoring. A fully powered study should further examine the effectiveness of the CSI intervention in IBD patients.
